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Video S1. showing ultra-fast irregular motion.
EXPERIMENTAL SECTION

Materials and reagents
Potassium permanganate, iron (III) nitrate, sodium sulfate, ethanol, dichloromethane, sodium dodecyl sulfate (SDS), and sulfate acid (98%) were purchased from Sigma-Aldrich. Hydrogen peroxide (30%) was purchased from ROWE Scientific Australia. Aluminum oxide paste was purchased from Kemet, NSW, Australia. Porous polycarbonate (PC) membranes with an average pore diameter of 5 µm were purchased from Whatman Inc., NY, USA. Ultrapure water (milli-Q) was used in all experiments. Nano-sized graphene oxide (GO) was purchased from graphene supermarket, New York, USA.
Fabrication of MnO 2 based micromotors
Graphene/FeO x -MnO 2 based micromotors were fabricated using a template-assisted electrochemical deposition protocol. A cyclopore polycarbonate membrane containing 5 µm conical-shaped micropores (Whatman, NY, USA) was employed as the template. An 80 nm of gold film was first deposited on one side of the porous membranes to serve as the working electrode using an Emitech K950X gold evaporator and performed at room temperature under a high vacuum of below 1×10 -3 mbar at a direct current of 6 A. The deposition rate was about 1 nm s -1 . A customized plating cell was used in all electrochemical deposition processes. The membrane was assembled in a self-designed plating cell with an aluminum foil serving as the contact for the working electrode. Electrochemical deposition was carried out using an electrochemical workstation (Zennium Zahner, Germany). A Pt wire and Ag/AgCl with 3M KCl were used as the counter and reference electrodes, respectively. A mixed solution of 0.1 mg mL -1 nano-sized graphene oxide in 0.5 M of Na 2 SO 4 and 0.1 M H 2 SO 4 was prepared as the electrolyte for the electrochemical growth of graphene outer layer. The graphene oxide in the solution was reduced by a cyclic voltammetry (CV) method from 0.3 to -1.5 V for five cycles.
After washing with 10 mL of ultrapure water for three times, the inner FeO x -MnO 2 catalyst were deposited using a galvanostatic (GS) method at a current of -3 mA for 10 and 30min, respectively, which equals to 1. min to release the micromotors. Finally, the micromotors were collected by centrifugation at 7000 rpm for 3 min while being repeatedly washed with dichloromethane, ethanol and ultrapure water for three times each. The ultrasonication process was carried out using a Unisonics ultrasonication cleaner (Model FXP12D), and the centrifugation was carried out using an Eppendorf centrifuge 5430. All the micromotors were stored in ultrapure water at room temperature for further use.
Characterization of the micromotors.
Scanning electronic microscopy (SEM/EDS) analysis was conducted using a Zeiss 1555 VP-FESEM with a field emission electron gun and the Oxford EDS detector operated by the Aztec software. SEM images were taken at the acceleration voltages from 2 to 5 kV. EDS analysis was taken using the coupled Oxford detector of the microscope and operated by the Aztec software at an acceleration voltage of 15 kV. X-ray photoelectron spectroscopy (XPS) was carried out on a thermos ESCALAB 250 XPS microscope with monochromatic Al-Kα X-rays at a photo energy of 1486.7 eV. The measurement was carried out using a Kratos AXIS Ultra DLD system under UHV conditions with a base pressure less than 1×10 -9 mBar. The spectra were acquired with the pass energy of 20 eV and fitted using CasaXPS software. All spectra were calibrated to yield a primary C 1s component at 284.6 eV with the Shirley background, and the component fitting was applied by Voigt functions with 30% Lorentzian component.
Motion behavior observation.
A Upon fuel addition, microbubbles were generated and the micromotors start to move. The lifetime of these micromotors could exceed 25 min but only the first few minutes were taken into account for the speed caculation as fuel depletion will have a significant effect on the mobility of micromotors. At a very high content of fuels, such as 10% of H 2 O 2 , the fuel solution reacts very fast with the catalytic micomotors, thus the observed lifetime of micromotors is shortened due to the consumption of the catalytic materials. At a very low content of fuel, such as 0.03% H 2 O 2 , although the reaction consumption of catalytic materials is not a problem, the fuel depletion will significantly affect the lifetime of these micromotors, and these micromotors will stop moving very soon. Upon refuelling the petri dish, these micromotors will initiate motion again. We have observed that, at moderate fuel levels and surfactant content, these micromotors can navigate for more than 25 min in one test.
Taking the microengines as a cylinder microrod, we can adopt the Stokes' drag theory to estimate the drag force or propelling force roughly by the following equation. 12, 16 (1)
Where F d is the fluid resistance, U is the speed of the microengines, µ is the fluid dynamic viscosity, and L and a are the length and radius of the micromotors, respectively. The estimated drag forces for the four types of micromotors are presented in Table S3 , which also summarizes the speed profile of different MNMs reported so far. 
